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Description

Field of Invention

[0001] The present invention relates to a nano imprint
method and a nano imprint apparatus for a pattern trans-
fer process for nano imprint lithography.

Background

[0002] A technique for reproducing nano structures -
i.e. structures in the order of 100 nm or smaller - is nano
imprint lithography (NIL). In nano imprint lithography an
inverted copy - often called a stamp or master stamp- of
the surface pattern of a template is transferred into an
object, comprising a substrate and, applied thereto, a film
of a moldable layer often called resist, e.g. a polymer
material. After heating the object to a suitable tempera-
ture above the glass transition temperature of the poly-
mer film the stamp is pressed towards the film followed
by cooling and release - often called demolding - of the
stamp, after the desired pattern depth has been trans-
ferred into the film. Alternatively, the substrate is covered
by a photo-resist material, i.e. a polymer, which is sen-
sitive to radiation such that it is cross-linked upon expo-
sure to ultraviolet (UV) radiation, or a prepolymer, which
is cured into a polymer upon exposure to radiation. This
requires that either the substrate or the stamp is trans-
parent to the applied radiation. In a subsequently per-
formed process after the achieved imprint, the object -
comprising the substrate and the patterned polymer film
- can be post-processed e.g. by etching of the substrate
within the imprinted regions to transfer the pattern to a
target surface of the substrate.

[0003] Other known imprint techniques are described
in the following documents.

[0004] US2005/214398 A1 discloses a template trans-
fer system comprising a template and a mold carrying
nano-sized structures thereon. These structures can be
transferred to a substrate located on a wafer on a mov-
able holder.

[0005] US2005/116370 A1 deals with a system for
transferring several templates to several substrates at
the same time on a turning table.

[0006] JP2002 304781 A is about a method for ex-
changing stamps in a process for transferring patterns
from one or more stamps to a die for an optical disc. This
is done by a stamper transfer device and a storage facility
for storing stamps carrying different patterns.

[0007] WO 2005/026837 A suggest a method for fast
imprint lithography, where one stamp can be exchanged
with another in order to imprint different structures into
one substrate or different substrates

[0008] The imprint process described above exhibits
some difficulties, which have to be considered in order
to achieve a perfect pattern transfer from the template
into the moldable layer covering the substrate.

[0009] If the template and the substrate are not made
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of the same material, which they generally are not, they
will typically have different thermal expansion coeffi-
cients. This means that during heating and cooling of the
template and the substrate, the extent of expansion and
contraction will be different. Even though the dimensional
change is small, it may be devastating in an imprint proc-
ess, since the features of the pattern to be transferred
are in the order of micrometers or even nanometers. The
result may therefore be reduced replication fidelity.
[0010] Ifainflexible stamp or substrate materialis used
this can lead to the inclusion of air between stamp and
moldable layer when the stamp is pressed towards the
substrate, also downgrading the replication fidelity. Fur-
thermore, inclusion of particles between stamp and mold-
able layer during an imprint process can lead to pro-
nounced damages of either the stamp or the substrate
especially when neither the stamp nor the substrate are
composed by a flexible material. Physical damage to the
stamp or the substrate or both can also be caused upon
demo Iding of an inflexible stamp from inflexible sub-
strate, and it is difficult to demold a substrate and a tem-
plate including patterns with high aspect ratio after an
imprint process. A once damaged stamp is usually not
recyclable.

[0011] Thereis alsoademand forincreasing the speed
and production rate, that is, to produce more replicas per
time unit.

Summary of the invention

[0012] With the above description in mind, an aspect
of some embodiments of the present invention is to pro-
vide method and a apparatus that at least partly solves
the above identified problems.

[0013] An aspect of the present invention as defined
in claim 1 relates to a nano imprint apparatus comprising
a first imprint module, a storage and a feeder module,
wherein; the first imprint module is adapted to imprint a
pattern into a intermediate polymer stamp from a tem-
plate at a first speed; the nano imprint apparatus further
comprises a second imprint module; the feeder module
is adapted to move the intermediate polymer stamp from
the first imprint module to the storage and from the stor-
age to the second imprint module; the second imprint
module is adapted to imprint a pattern into a substrate
from the intermediate polymer stamp at a second speed;
the first speed is different from the second speed; the
first imprint module comprises a first plurality of first im-
printers; the second imprint module comprises a second
plurality of second imprinters; and the second imprint
module comprises an aligner, wherein the aligner com-
prises means for aligning a central cylindrical protrusion
of aintermediate polymer stamp with a central cylindrical
hole of a substrate.

[0014] An advantage of this apparatus is that the inter-
mediate polymer stamp and the substrate could be im-
printed without dependency of each other.

[0015] A further advantage is that the first and the sec-
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ond imprint module can be different imprinters.

[0016] The first speed may be faster than the second
speed.
[0017] The second speed may be faster than the first
speed.

[0018] The second imprint module may be adapted to
simultaneously imprint a pattern into a plurality of sub-
strates from a plurality of intermediate polymer stamps.
[0019] An advantage of this is that the apparatus is
able to produce imprint substrates at a rate that is inde-
pendent of the speed of the slowest imprint module but
only dependent on the speed of the fastest imprint mod-
ule. Thus more substrates could be produced in less time.
[0020] The first imprint module may be a injection
molding module that is adapted to imprint the pattern into
intermediate polymer stamps by injection molding.
[0021] The firstimprint module can be a cured film im-
print module that is adapted to imprint the pattern into
the intermediate polymer stamps by pressing the tem-
plate against the intermediate polymer stamp.

[0022] The second imprint module may be a cured film
imprint module that is adapted to imprint the pattern into
the substrate by pressing the intermediate polymer
stamp against the substrate.

[0023] The feeder module may comprise a first and a
second feeder module, wherein the first module is adapt-
ed to move the intermediate polymer stamp from the first
imprint module to the storage and the second feeder is
adapted to move the intermediate polymer stamp from
the storage to the second imprint module.

[0024] The nano imprint apparatus may further com-
prise aaligning module for aligning and joining substrates
and intermediate polymer stamps for forming combined
units in the second imprint module.

[0025] The nano imprint apparatus may further com-
prise a demolding unit, for removing the imprinted sub-
strate from the intermediate polymer stamp

[0026] The nano imprint apparatus may further com-
prise a second feeding module adapted to feed the im-
printed substrates and intermediate polymer stamps
from the second imprint module to the demolding unit.
[0027] The first imprint module comprises a first plu-
rality of first imprinters.

[0028] Thesecondimprintmodule comprises asecond
plurality of second imprinters.

[0029] The first plurality of first imprinters may be less
than the second plurality of second imprinters.

[0030] The second imprint module comprises a align-
er, the aligner comprises means for aligning a central
cylindrical protrusion of a intermediate polymer stamp
with a central cylindrical hole of a substrate.

[0031] The demolding unitmay comprise a tank forim-
mersing the combined units for removing the polymer
stamp from the imprinted substrate by dissolving the pol-
ymer stamp in a solvent capable of solving the interme-
diate polymer stamp and unable of solving the substrate.
[0032] Another aspect of the present invention relates
to a nano imprint method as defined in claim 13 compris-
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ing the following steps:

- arrange a template and a intermediate polymer
stamp in a first imprint module;

- imprintapattern into the intermediate polymer stamp
from the template at a first speed;

- move the intermediate polymer stamp from the first
imprint module to a storage;

- move the intermediate polymer stamp from the stor-
age to a second imprint module;

- arrange the intermediate polymer stamp to a sub-
strate;

- imprint a pattern into the substrate from the interme-
diate polymer stamp at a second speed that is dif-
ferent from the first speed.

[0033] The first speed may be faster than the second
speed.
[0034] The second speed may be faster than the first
speed.

[0035] The pattern may be imprinted into a plurality of
substrates simultaneously from a plurality of intermediate
polymer stamps in the second imprint module.

[0036] The imprint of the pattern into the intermediate
polymer stamp from the template may be made by injec-
tion molding.

[0037] The imprint of the pattern into the intermediate
polymer stamp from the template may be made by press-
ing the template against the intermediate polymer stamp
and thereafter curing the intermediate stamp.

[0038] Theimprintofthe patterninto the substrate from
the intermediate polymer stamp may be made by press-
ing the template against the intermediate polymer stamp
and thereafter curing the intermediate stamp.

[0039] The step of moving the intermediate polymer
stamp from the first imprint module to the storage and
moving the intermediate polymer stamp from the storage
to the second imprint module may be made by a feeder.
[0040] The nano imprint method may further comprise
the step of aligning and joining substrates and interme-
diate polymer stamps for forming combined units.
[0041] The nano imprint method may further comprise
the step of demolding, for removing the imprinted sub-
strate from the intermediate polymer stamp.

[0042] The nano imprint method may further compris-
ing the step of aligning a central cylindrical protrusion of
a intermediate polymer stamp with a central cylindrical
hole of a substrate.

[0043] The demolding may comprise the step of im-
mersing the combined units in a tank comprising a solvent
capable of solving the intermediate polymer stamp and
unable of solving the substrate for removing the polymer
stamp from the imprinted substrate.

[0044] The features of the above-mentioned embodi-
ments can be combined in any combinations.
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Brief description of the drawings

[0045] Furtherobjects, features and advantages of the
present invention will appear from the following detailed
description of the invention, wherein embodiments of the
invention will be described in more detail with reference
to the accompanying drawings, in which:

Fig. 1a - 1c shows a schematic view of the steps of
imprinting a intermediate polymer stamp.

Fig. 2a - 2e shows a schematic view of a nano imprint
apparatus.

DETAILED DESCRIPTION

[0046] Embodiments of the presentinvention will here-
inafter be described in more detail with reference to the
accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
Like reference signs refer to like elements throughout.
[0047] Figure 2a shows a schematic view of a nano
imprint apparatus 1 comprising a first imprint module 2,
a second imprint module 3, a feeder module 4, a storage
5, a aligning module 6, a second feeding module 7, a
demolding unit (not shown) a third feeding module 8 and
a fourth feeding module 9.

[0048] The first imprint 2 module disclosed in fig. 2 is
acured filmimprinter 2. The cured film imprinter comprise
atemplate holder 10, a intermediate polymer stamp hold-
er 11, a heater (not disclosed) and curing element (not
disclosed).

[0049] In another embodiment the first imprint module
could be ainjection molding imprinter. A injection molding
imprinter comprise a template holder, a mold and a in-
jection module. A cured film imprinter and a injection
molding imprinter as such has been disclosed in prior art
and will thus not be described in detail herein.

[0050] The second imprint module disclosed in fig. 2
is a cured film imprinter comprising a plurality of interme-
diate polymer stamp holders 12 and a plurality of sub-
strate holders 13, a heater (not disclosed) and curing
element (not disclosed).

[0051] In another embodiment the second imprint
module could be a cured film imprinter comprising a heat-
er, curing element and a plurality ofimprinters, each com-
prising a intermediate polymer stamp holder and a sub-
strate holder.

[0052] The feeder module 4 comprise a firstand a sec-
ond feeder 14, 15. The first feeder 14 is adapted to mover
a intermediate polymer stamp 16 from the first imprinter
module 2 to the storage 5. The second feeder 15 is adapt-
ed to move one or a plurality of intermediate polymer
stamps 16 from the storage 5 to the second imprint mod-
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ule 3.

[0053] The storage 5 comprise a plurality of spaces
(not disclosed) for receiving intermediate polymer
stamps 16. The storage 5 is arranged between the first
and the second imprint modules 2,3.

[0054] The aligning module 6 comprise a aligning feed-
er 17 and a substrate unit 18. The aligning feeder 17 is
adapted move a substrate 19 and to align and join sub-
strates 19 and intermediate polymer stamps 16 for form-
ing combined units.

[0055] The second feeding module 7 is adapted to feed
the imprinted substrates 19 and the intermediate polymer
stamps 16 from the second imprint module 3 to the
demolding unit (not disclosed).

[0056] The demolding unit comprise a tank comprising
a solvent. The solvent is capable of solving the interme-
diate polymer stamp 16 and unable of solving the sub-
strate

[0057] A method for producing a substrate according
to the present invention will now be described.

[0058] The third and the fourth feeder 8,9 move and
arrange a template 20 in the template holder 10 and a
intermediate polymer stamp 16 in the intermediate stamp
holder 11 of the first imprint module 2.

[0059] Fig. 1a-1c disclose a template 20, composed of
e.g. silicon, nickel or other metal such as aluminum,
quartz, or even a polymer material. Template 20 has a
patterned surface 21, comprising ribs, grooves, protru-
sions or recesses, having heights and widths in the order
of micrometers or nanometers. The template 20 is placed
in the template holder 10 of the first imprint module 2 and
a intermediate polymer stamp 16 is placed in the inter-
mediate polymer stamp holder 11. The surface 22 of the
template 20 is facing and contacting a surface 22 of the
intermediate polymer stamp 16.

[0060] The intermediate polymer stamp 16 could be
made of e.g. a thermoplastic polymer, a thermosetting
polymer, and/or a polymer, which is cross-linkable e.g.
with the help of exposure to radiation. More specific ex-
amples of suitable polymer foil materials include polycar-
bonate, COC and PMMA. The surface 21 of the template
and the surface 22 of the intermediate polymer stamp 16
may exhibit anti-adhesion properties against to each oth-
er, due to their material compositions or characteristics
of an anti-adhesion layer provided on surface 21 of the
template 20 and/or the surface 22 of the intermediate
polymer stamp, made of e.g. a thermoplastic polymer, a
thermosetting polymer, and/or a polymer, which is cross-
linkable e.g. with the help of exposure to radiation. More
specific examples of suitable polymer foil materials in-
clude polycarbonate, COC and PMMA.

[0061] In the first imprint module 2 an inversion of the
pattern of the surface 21 of the template is formed into a
surface layer 23 at surface 22 of the intermediate polymer
stamp, see fig.1a-1c. After the surface 21 of the template
20 has been placed in contact with the surface 22 of
intermediate polymer stamp, the intermediate polymer
stamp is heated by a heater 24 to a temperature above
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the glass temperature Tg of the used polymer in the sur-
face layer 23 of the intermediate polymer stamp 16. The
intermediate polymer stamp 16 may be massive, i.e. hav-
ing more or less the same composition throughout the
entire polymer foil, or it may have a base composition of
the actual intermediate polymer stamp with an applied
surface layer 23 at surface 22 of another composition
adapted for imprint. When the surface layer 23 has
reached its glass transition temperature, pressure is ap-
plied to press template 20 and the intermediate polymer
stamp 16 together such that the pattern of surface 21 is
imprinted in the surface layer 23 at surface 22 of inter-
mediate polymer stamp 16, see fig 1b and 2a. Pressing
may be achieved by means of a soft press technique
using a fluid or gas pressure supplied by means of a
membrane. Thereafter the intermediate polymer stamp
16 could be cured by radiation or any other suitable curing
method. The intermediate polymer stamp 16 is produced
atafirst speed to obtain a good quality of the intermediate
polymer stamp 16 and to be gentle to the template and
not expose the template 20 to any unnecessary wear.
[0062] In another embodiment the intermediate poly-
mer stamp is made by injection molding in the first imprint
module.

[0063] The first feeder 14 thereafter moves the inter-
mediate polymer stamp 16 from the first imprint module
2 to the storage 5, see fig 2c and 2d. After removal of the
intermediate polymer stamp, the process in the first im-
print module is repeated in accordance with the above,
see fig 2a and 2b. The template 20 does not have to be
replaced every time and one and the same template 20
may be used to produce a number of intermediate poly-
mer stamps 16.

[0064] After having repeated the process above a plu-
rality of times, a plurality of intermediate polymer stamps
16 is located in the storage 5, see fig 2e.

[0065] The second feeder 15 thereafter moves said
plurality of intermediate polymer stamps 16 from the stor-
age to the second imprint module 3. Simultaneously the
aligner module 6 join and align a substrate 19 on each
intermediate polymer stamp 16.

[0066] In the second imprint module 3 an inversion of
the pattern of the surface 23 of the intermediate stamps
is formed into a surface layer of the substrate 19. After
a plurality of surfaces 22 of the intermediate polymer
stamps 16 has been placed in contact with the surface
of a plurality of substrates 19, the substrates 19 are heat-
ed by a heater to a temperature above the glass temper-
ature Tg of the used material in the substrates. When the
surface of the substrate has reached its glass transition
temperature, pressure is applied to press the intermedi-
ate polymer stamps 16 and the substrates 19 together
such that the pattern of the surface 22 of the intermediate
stampsisimprinted in the substrates, see fig 2a. Pressing
may be achieved by means of a soft press technique
using a fluid or gas pressure supplied by means of a
membrane. The plurality of substrates 16 and interme-
diate polymer stamps 16 are hereafter removed by the
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second feeding module 7 from the second imprint module
3.

[0067] The substrates 19 is produced in the second
imprint step 3 at a second speed. The second speed is
lower than the first speed. If n substrates 19 is imprinted
simultaneously in the second imprint module 3, the first
speed s preferably n-times faster than the second speed.
By using this ratio between the first speed of the first
imprint module 2 and the second speed of the second
imprint module 3 the process of producing substrates 3
could be optimized. The imprint step that is faster does
thus not have to be delayed due to the other slower im-
print step.

[0068] To separate the intermediate polymer stamp 16
and the substrate 19 they could be demolded in the
demolding unit (not disclosed). The intermediate polymer
stamps 16 and the substrates 19 are immersed in a tank
with a solvent. The solvent is capable of solving the in-
termediate polymer stamp 16 and unable of solving the
substrate 19. The intermediate polymer stamps in thus
solved by the solvent and the substrates 19 is ready.
[0069] The advantages of a first imprinting a interme-
diate polymer stamp 16 and thereafter imprinta substrate
19is that a durable and comparatively inflexible template
may advantageously be used, made of a material such
as a metal, quartz, silicon or other substantially inflexible
material, for imprinting its pattern in a flexible polymer
foil to create the polymer stamp, and the polymer stamp
may then advantageously be used for imprint in a mold-
able layer on the target surface of the substrate. The
relatively hard and inflexible template could used for im-
print in the relatively softer and more flexible polymer foil
to create an intermediate polymer stamp, where after the
relatively flexible and soft polymer stamp is used for im-
print in the moldable layer on the relatively harder and
less flexible substrate, which may be of e.g. silicon. An
imprint step between two substantially hard and inflexible
materials, such as metal and silicon or quartz and silicon
is thereby advantageously avoided, with the result that
the template is less worn and fewer substrates are dam-
aged. These differentimprinting steps is made in different
speeds and the apparatus and the method according to
the invention thus combine the advantages of different
imprinting steps and still achieves a high speed of pro-
duction.

[0070] The template is a comparatively expensive el-
ementto produce and itis generally not possible to repair
or recycle a once damaged template. The intermediate
polymer stamp, however, is easily manufactured from a
comparatively inexpensive material in accordance with
the method according to the invention, and is preferably
disposed after being used a couple of times, or even only
once. The intermediate polymer stamp may be demold-
ed, orreleased, from the substrate and then thrown away,
or it may be dissolved when still attached to the target
surface of the substrate in a bath with a suitable liquid
solution selected to dissolve the polymer stamp but not
the substrate or the solidified moldable layer on the target
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surface of the substrate.

[0071] In a further embodiment the intermediate poly-
mer stamp could be reused in the second imprint step,
i.e. one intermediate polymer stamp could be used to
produce more than one substrate.

[0072] The template and/or the intermediate polymer
stamp could be coated in the imprint module or before it
is arranged in the imprint module using spay coating,
spin coating, inkjet coating or depend spin coating.
[0073] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" "comprising," "includes" and/or "in-
cluding"when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, elements, components, and/or groups thereof.
[0074] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms used herein should be in-
terpreted as having a meaning that is consistent with their
meaning in the context of this specification and the rele-
vantartand will notbe interpreted in anidealized or overly
formal sense unless expressly so defined herein.
[0075] Theforegoinghasdescribed the principles, pre-
ferred embodiments and modes of operation of the
present invention. However, the invention should be re-
garded as illustrative rather than restrictive, and not as
being limited to the particular embodiments discussed
above. The different features of the various embodiments
of the invention can be combined in other combinations
than those explicitly described. It should therefore be ap-
preciated that variations may be made in those embod-
iments by those skilled in the art without departing from
the scope of the present invention as defined by the fol-
lowing claims.

Claims
1. A nano imprint apparatus comprising:

a first imprint module, a storage and a feeder
module, wherein;

the first imprint module is adapted to imprint a
pattern into a intermediate polymer stamp from
a template at a first speed;

characterized in that

the nano imprint apparatus further comprises a
second imprint module;

the feeder module is adapted to move the inter-
mediate polymer stamp from the first imprint
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module to the storage and from the storage to
the second imprint module;

the second imprint module is adapted to imprint
a pattern into a substrate from the intermediate
polymer stamp at a second speed;

the first speed is different from the second
speed;

the firstimprintmodule comprises afirst plurality
of first imprinters;

the second imprint module comprises a second
plurality of second imprinters; and

the second imprint module comprises an align-
er, wherein the aligner comprises means for
aligning a central cylindrical protrusion of a in-
termediate polymer stamp with a central cylin-
drical hole of a substrate.

A nano imprint apparatus according to claim 1,
wherein the first speed is faster than the second
speed.

A nano imprint apparatus according to claim 1,
wherein the second speed is faster than the first
speed.

A nano imprint apparatus according to any of the
preceding claims 1, wherein the second imprint mod-
ule is adapted to simultaneously imprint a pattern
into a plurality of substrates from a plurality of inter-
mediate polymer stamps.

A nano imprint apparatus according to any of the
preceding claims, wherein the firstimprint module is
a injection molding module that is adapted to imprint
the pattern into intermediate polymer stamps by in-
jection molding.

A nano imprint apparatus according to any of claims
1 or 4, wherein the firstimprint module is a cured film
imprint module that is adapted to imprint the pattern
into the intermediate polymer stampsby pressing the
template against the intermediate polymer stamp.

A nano imprint apparatus according to any of the
preceding claims, wherein the second-imprint mod-
ule is a cured film imprint module that is adapted to
imprint the pattern into the substrate by pressing the
intermediate polymer stamp against the substrate.

A nano imprint apparatus according to any of the
preceding claims, wherein the feeder module com-
prises a first and a second feeder module, wherein
the first module is adapted to move the intermediate
polymer stamp from the first imprint module to the
storage and the second feeder is adapted to move
the intermediate polymer stamp from the storage to
the second imprint module.
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A nano imprint apparatus according to any of the
preceding claims, further comprising a demolding
unit, for removing the imprinted substrate from the
intermediate polymer stamp

A nano imprint apparatus according to claim 9, fur-
ther comprising a second feeding module adapted
to feed the imprinted substrates and intermediate
polymer stamps from the second imprint module to
the demolding unit.

A nano imprint apparatus according to any of the
preceding claims, wherein the first plurality of first
imprinters is less than the second plurality of second
imprinters.

A nano imprint apparatus according to any of claims
9-11, where the demolding unit comprises a tank for
immersing the combined units for removing the pol-
ymer stamp from the imprinted substrate.

A nano imprint method comprising the following
steps:

- arrange a template and an intermediate poly-
mer stamp in a first imprint module;

- imprint a pattern into the intermediate polymer
stamp from the template at a first speed;

- move the intermediate polymer stamp from the
first imprint module to a storage;

- move the intermediate polymer stamp from the
storage to a second imprint module;

- arrange the intermediate polymer stamp to a
substrate;

- imprint a pattern into the substrate from the
intermediate polymer stamp at a second speed
that is different from the first speed.

Anano imprint method according to claim 13, where-
in the first speed is faster than the second speed.

Anano imprint method according to claim 13, where-
in the second speed is faster than the first speed.

A nano imprint method according any of claims
13-15, wherein the pattern isimprinted into a plurality
of substrate simultaneously from a plurality of inter-
mediate polymer stamps in the second imprint mod-
ule.

A nano imprint method according to claims 13 or 16,
wherein the imprint of the pattern into the intermedi-
ate polymer stamp from the template is made by in-
jection molding.

A nano imprint method according to claims 13 or 16,
wherein the imprint of the pattern into the intermedi-
ate polymer stamp from the template is made by
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19.

20.

21.

22.

23.

24.

12

pressing the template against the intermediate pol-
ymer stamp and thereafter curing the intermediate
stamp.

A nano imprint method according to any of claims
13-18, wherein the imprint of the patterninto the sub-
strate from the intermediate polymer stamp is made
by pressing the template against the intermediate
polymer stamp and thereafter curing the intermedi-
ate stamp.

A nano imprint method according to any of claims
13-19, wherein the step of moving the intermediate
polymer stamp from the first imprint module to the
storage and moving the intermediate polymer stamp
from the storage to the second imprint module is
made by a feeder.

A nano imprint method according to any of claims
13-20, further comprising the step of aligning and
joining substrates and intermediate polymer stamps
for forming combined units.

A nano imprint method according to any of claims
13-21, further comprising the step of demolding, for
removing the imprinted substrate from the interme-
diate polymer stamp

A nano imprint method according to any of claims
13-22, further comprising the step of aligning a cen-
tral cylindrical protrusion of a intermediate polymer
stamp with a central cylindrical hole of a substrate.

A nano imprint method according to any of claims
22, wherein the demolding comprise the step of im-
mersing the combined units in a tank comprising a
solvent capable of solving the intermediate polymer
stamp and unable of solving the substrate for remov-
ing the polymer stamp from the imprinted substrate.

Patentanspriiche

1.

Nanopragevorrichtung, umfassend:

ein erstes Pragemodul, einen Speicher und ein
Zufuihrungsmodul, wobei:

das erste Pragemodul so ausgelegt ist,
dass es mit einer ersten Geschwindigkeit
eine Struktur von einer Vorlage in einen Zwi-
schenpolymerstempel eindriickt;

dadurch gekennzeichnet, dass

die Nanopragevorrichtung ferner ein zwei-
tes Pragemodul umfasst;

das Zufuihrungsmodul so ausgelegt ist,
dass es den Zwischenpolymerstempel vom
ersten Pragemodul zum Speicher und vom
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Speicher zum zweiten Pragemodul bewegt;
das zweite Pradgemodul so ausgelegt ist,
dass es mit einer zweiten Geschwindigkeit
eine Struktur von dem Zwischenpolymer-
stempel in ein Substrat eindriickt;

sich die erste Geschwindigkeit von der
zweiten Geschwindigkeit unterscheidet;
das erste Pragemodul eine erste Vielzahl
von ersten Pragevorrichtungen umfasst;
das zweite Pragemodul eine zweite Vielzahl
von zweiten Pragevorrichtungen umfasst;
und

das zweite Pragemodul eine Ausrichtungs-
vorrichtung umfasst, wobei die Ausrich-
tungsvorrichtung Mittel zum Ausrichten ei-
nes mittigen zylindrischen Vorsprungs ei-
nes Zwischenpolymerstempels nach einem
mittigen zylindrischen Loch eines Substrats
umfasst.

Nanopragevorrichtung nach Anspruch 1, wobei die
erste Geschwindigkeit schneller als die zweite Ge-
schwindigkeit ist.

Nanopragevorrichtung nach Anspruch 1, wobei die
zweite Geschwindigkeit schneller als die erste Ge-
schwindigkeit ist.

Nanopragevorrichtung nach einem der vorherge-
henden Anspriiche 1, wobei das zweite Pragemodul
so ausgelegt ist, dass es gleichzeitig eine Struktur
von einer Vielzahl von Zwischenpolymerstempeln in
eine Vielzahl von Substraten eindrickt.

Nanopragevorrichtung nach einem der vorherge-
henden Anspriiche, wobei das erste Pragemodul ein
Spritzgussmodul ist, das so ausgelegt ist, dass die
Struktur per SpritzgieRen in Zwischenpolymerstem-
pel eingedriickt wird.

Nanopragevorrichtung nach einem der Anspriiche 1
oder 4, wobei das erste Pragemodul ein Pragemodul
mit Schichtaushartung ist, das so ausgelegtist, dass
die Struktur in die Zwischenpolymerstempel einge-
driickt wird, indem die Vorlage gegen den Zwischen-
polymerstempel gedriickt wird.

Nanopragevorrichtung nach einem der vorherge-
henden Anspriiche, wobei das zweite Pragemodul
ein Pragemodul mit Schichtaushartung ist, das so
ausgelegt ist, dass die Struktur in das Substrat ein-
gedrickt wird, indem der Zwischenpolymerstempel
gegen das Substrat gedriickt wird.

Nanopragevorrichtung nach einem der vorherge-
henden Anspriiche, wobeidas Zufiihrungsmodul ein
erstes und ein zweites Zufiihrungsmodul umfasst,
wobei das erste Modul so ausgelegt ist, das es den
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1.

12.

13.

14.

15.

16.

Zwischenpolymerstempel von dem ersten Prage-
modul zum Speicher bewegt und die zweite Zuflih-
rungsvorrichtung ist so ausgelegt, dass sie den Zwi-
schenpolymerstempel von dem Speicher zu dem
zweiten Pragemodul bewegt.

Nanopragevorrichtung nach einem der vorherge-
henden Anspriiche, die ferner eine Entformungsein-
heit zum Entfernen des gepragten Substrats von
dem Zwischenpolymerstempel umfasst.

Nanopragevorrichtung nach Anspruch 9, die ferner
ein zweites Zufiihrungsmodul umfasst, das so aus-
gelegt ist, dass es der Entformungseinheit die ge-
pragten Substrate und Zwischenpolymerstempel
von dem zweiten Pragemodul zuflhrt.

Nanopragevorrichtung nach einem der vorherge-
henden Anspriiche, wobei die erste Vielzahl erster
Pragevorrichtungen geringer ist als die zweite Viel-
zahl zweiter Pragevorrichtungen.

Nanopragevorrichtung nach einem der Anspriiche 9
bis 11, beiderdie Entformungseinheit einen Behalter
zum Eintauchen der kombinierten Einheiten zum
Entfernen des Polymerstempels von dem gepragten
Substrat umfasst.

Nanoprageverfahren, das folgende Schritte um-
fasst:

- Anordnen einer Vorlage und eines Zwischen-
polymerstempels in einem ersten Pragemodul;
- Pragen einer Struktur von der Vorlage in den
Zwischenpolymerstempel mit einer ersten Ge-
schwindigkeit;

- Bewegen des Zwischenpolymerstempels von
dem ersten Pragemodul zu einem Speicher;

- Bewegen des Zwischenpolymerstempels von
dem Speicher zu einem zweiten Pragemodul;
- Anordnen des Zwischenpolymerstempels be-
zogen auf ein Substrat;

- Pragen einer Struktur von dem Zwischenpoly-
merstempel in das Substrat bei einer zweiten
Geschwindigkeit, die sich von der ersten Ge-
schwindigkeit unterscheidet.

Nanoprageverfahren nach Anspruch 13, wobei die
erste Geschwindigkeit schneller als die zweite Ge-
schwindigkeit ist.

Nanoprageverfahren nach Anspruch 13, wobei die
zweite Geschwindigkeit schneller als die erste Ge-
schwindigkeit ist.

Nanoprageverfahren nach einem der Anspriiche 13
bis 15, wobei die Struktur in dem zweiten Pragemo-
dul gleichzeitig von einer Vielzahl von Zwischenpo-
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lymerstempeln in eine Vielzahl von Substraten ein-
gedriickt wird.

Nanoprageverfahren nach Anspruch 13 oder 16, wo-
bei das Pragen der Struktur von der Vorlage in den
Zwischenpolymerstempel per SpritzgielRen erfolgt.

Nanoprageverfahren nach Anspruch 13 oder 16, wo-
bei das Pragen der Struktur von der Vorlage in den
Zwischenpolymerstempel erfolgt, indem die Vorlage
gegen den Zwischenpolymerstempel gedriickt und
anschlieBend der Zwischenstempel ausgehartet
wird.

Nanoprageverfahren nach einem der Anspriiche 13
bis 18, wobei das Pragen der Struktur von dem Zwi-
schenpolymerstempel in das Substrat erfolgt, indem
die Vorlage gegen den Zwischenpolymerstempel
gedriickt und anschlieBend der Zwischenstempel
ausgehartet wird.

Nanoprageverfahren nach einem der Anspriiche 13
bis 19, wobei der Schritt des Bewegens des Zwi-
schenpolymerstempels von dem ersten Pragemodul
zum Speicher und des Bewegens des Zwischenpo-
lymerstempels von dem Speicher zu dem zweiten
Pragemodul von einer Zufiihrungsvorrichtung vor-
genommen wird.

Nanoprageverfahren nach einem der Anspriiche 13
bis 20, das ferner den Schritt des Ausrichtens und
Verbindens von Substraten und Zwischenpolymer-
stempeln zum Formen kombinierter Einheiten um-
fasst.

Nanoprageverfahren nach einem der Anspriiche 13
bis 21, das ferner den Schritt des Entformens zum
Entfernen des gepragten Substrats von dem Zwi-
schenpolymerstempel umfasst.

Nanoprageverfahren nach einem der Anspriiche 13
bis 22, das ferner den Schritt des Ausrichtens eines
mittigen zylindrischen Vorsprungs eines Zwischen-
polymerstempels nach einem mittigen zylindrischen
Loch eines Substrats umfasst.

Nanoprageverfahren nach einem der Anspriiche 22,
wobei das Entformen den Schritt des Eintauchens
der kombinierten Einheiten in einen Behalter um-
fasst, der ein L6sungsmittel enthalt, das in der Lage
ist, den Zwischenpolymerstempel aufzulésen und
nicht in der Lage ist, das Substrat aufzulésen, um
den Polymerstempel von dem gepragten Substrat
zu entfernen.
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Revendications

1.

Appareil de nano-impression comprenant :

un premier module d’'impression, un magasin et
un module d’alimentation, dans lequel ;

le premier module d’impression est adapté pour
imprimer a une premiére vitesse un motif dans
un tampon intermédiaire en polymére a partir
d’un gabarit ;

caractérisé en ce que

I'appareil de nano-impression comprend en
outre un second module d'impression ;

le module d’alimentation est adapté pour dépla-
cer le tampon intermédiaire en polymére du pre-
mier module d’impression au magasin et du ma-
gasin au second module d’impression ;

le second module d’'impression est adapté pour
imprimer a une seconde vitesse un motif dans
un substrat a partir du tampon intermédiaire en
polymeére ;

la premiére vitesse est différente de la seconde
vitesse ;

le premier module d’impression comprend une
premiére pluralité de premiéres imprimantes ;
le second module d’'impression comprend une
seconde pluralité de secondes imprimantes ; et
le second module d'impression comprend un
dispositif d’alignement, dans lequel le dispositif
d’alignement comprend des moyens pour ali-
gner une protubérance cylindrique centrale d’'un
tampon intermédiaire en polymere avec un trou
cylindrique central d’'un substrat.

Appareil de nano-impression selon la revendication
1, la premiére vitesse étant plus rapide que la se-
conde vitesse.

Appareil de nano-impression selon la revendication
1, la seconde vitesse étant plus rapide que la pre-
miére vitesse.

Appareil de nano-impression selon'une quelconque
desrevendications précédentes 1, le second module
d’impression étant adapté pour imprimer simultané-
ment un motif dans une pluralité de substrats a partir
d’une pluralité de tampons intermédiaires en poly-
mere.

Appareil de nano-impression selon'une quelconque
des revendications précédentes, le premier module
d’impression étant un module de moulage par injec-
tion qui est adapté pour imprimer le motif dans des
tampons intermédiaires en polymére par moulage
par injection.

Appareil de nano-impression selon'une quelconque
des revendications 1 ou 4, le premier module d’im-
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12.
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pression étant un module d’impression de film durci
qui est adapté pour imprimer le motif dans les tam-
pons intermédiaires en polymere en pressant le ga-
barit contre le tampon intermédiaire en polymére.

Appareil de nano-impression selon'une quelconque
des revendications précédentes, le second module
d’impression étant un module d’impression de film
durci qui est adapté pour imprimer le motif dans le
substrat en pressant le tampon intermédiaire en po-
lymeére contre le substrat.

Appareil de nano-impression selon'une quelconque
des revendications précédentes, le module d’ali-
mentation comprenant un premier et un second mo-
dule d’alimentation, le premier module étant adapté
pour déplacer le tampon intermédiaire en polymére
du premier module d’impression au magasin et le
second alimenteur est adapté pour déplacer le tam-
pon intermédiaire en polymere du magasin au se-
cond module d’impression.

Appareil de nano-impression selonl'une quelconque
des revendications précédentes, comprenant en
outre une unité de démoulage, destinée a retirer le
substrat imprimé du tampon intermédiaire en poly-
mere.

Appareil de nano-impression selon la revendication
9, comprenant en outre un second module d’alimen-
tation adapté pour alimenter les substrats imprimés
et les tampons intermédiaires en polymére du se-
cond module d’impression a l'unité de démoulage.

Appareil de nano-impression selon'une quelconque
des revendications précédentes, la premiére plura-
lit¢ de premiéres imprimantes étant inférieure a la
seconde pluralité de secondes imprimantes.

Appareil de nano-impression selon'une quelconque
des revendications 9 a 11, l'unité de démoulage
comprenant une cuve destinée a I'immersion des
éléments combinés pour retirer le tampon en poly-
meére du substrat imprimé.

Procédé de nano-impression, comprenant les éta-
pes suivantes :

- disposer un gabarit et un tampon intermédiaire
en polymére dans un premier module
d’impression ;

- imprimer un motif a une premiére vitesse dans
le tampon intermédiaire en polymére a partir du
gabarit ;

- déplacer le tampon intermédiaire en polymeére
du premier module d'impression a un magasin ;
- déplacer le tampon intermédiaire en polymeére
du magasin a un second module d’impression ;
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- disposer le tampon intermédiaire en polymere
par rapport a un substrat ;

- imprimer un motif dans le substrat a partir du
tampon intermédiaire en polymére a une secon-
de vitesse qui est différente de la premiere vi-
tesse.

Procédé de nano-impression selon la revendication
13, la premiére vitesse étant plus rapide que la se-
conde vitesse.

Procédé de nano-impression selon la revendication
13, la seconde vitesse étant plus rapide que la pre-
miére vitesse.

Procédé de nano-impression selon l'une quelcon-
que des revendications 13 a 15, le motif étant impri-
mé simultanément dans une pluralité de substrats a
partir d’'une pluralité de tampons intermédiaires en
polymeére dans le second module d’impression.

Procédé de nano-impression selon les revendica-
tions 13 ou 16, I'impression du motif dans le tampon
intermédiaire en polymeére a partir du gabarit étant
effectuée par moulage par injection.

Procédé de nano-impression selon les revendica-
tions 13 ou 16, I'impression du motif dans le tampon
intermédiaire en polymeére a partir du gabarit étant
effectuée en pressant le gabarit contre le tampon
intermédiaire en polymere et en durcissant ensuite
le tampon intermédiaire.

Procédé de nano-impression selon l'une quelcon-
que desrevendications 13 a 18, 'impression du motif
dans le substrat a partir du tampon intermédiaire en
polymeére étant effectuée en pressant le gabarit con-
tre le tampon intermédiaire en polymere et en dur-
cissant ensuite le tampon intermédiaire.

Procédé de nano-impression selon l'une quelcon-
que des revendications 13 a 19, I'étape consistant
a déplacer le tampon intermédiaire en polymére du
premier module d'impression au magasin et a dé-
placer le tampon intermédiaire en polymére du ma-
gasin au second module d'impression étant effec-
tuée par un alimenteur.

Procédé de nano-impression selon l'une quelcon-
que des revendications 13 a 20, comprenant en
outre I'’étape consistant a aligner et joindre des subs-
trats et des tampons intermédiaires en polymeére
pour former des éléments combinés.

Procédé de nano-impression selon l'une quelcon-
que des revendications 13 a 21, comprenant en
outre I'étape de démoulage pour retirer le substrat
imprimé du tampon intermédiaire en polymere.
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Procédé de nano-impression selon I'une quelcon-
que des revendications 13 a 22, comprenant en
outre I'étape consistant a aligner une protubérance
cylindrique centrale d’'un tampon intermédiaire en
polymeére avec un trou cylindrique central d’'un subs-
trat.

Procédé de nano-impression selon l'une quelcon-
que des revendications 22, le démoulage compre-
nant I'étape consistant & immerger les éléments
combinés dans une cuve comprenant un solvant ca-
pable de dissoudre le tampon intermédiaire en po-
lymeére et incapable de dissoudre le substrat pour
retirer le tampon en polymere du substrat imprimé.
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